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Abstract

Objectives Several studies have linked diabetes mellitus to adverse childhood experiences (ACE) 

While a number of studies have examined the association between ACEs and diabetes in Western 

populations, few have done it in Asian populations. The current study aimed to examine (i) the 

association between ACEs and diabetes, including the association after age stratification and (ii) 

the association of comorbid depression, resource utilization and health related quality of life 

(HRQoL) among those with diabetes and ACEs in Singapore.

Settings Participants were surveyed in their homes or any other preferred venue of their choice.

Participants 6126 individuals aged 18 years and above randomly selected among Singapore 

residents. 

Design Cross-sectional nationwide epidemiological study. 

Results Exposure to any ACE was not associated with increased odds of diabetes, however those 

who had experienced parental separation, death or divorce of a parent, had higher odds of 

diabetes. In addition, we observed significant interaction between age and ACEs in relation to 

odds of diabetes. ACEs were significantly associated with higher odds of diabetes mainly in the 

younger age group. The prevalence of major depressive disorder was significantly higher among 

those with diabetes and ACEs than those with diabetes alone (3.7% and 0.3% respectively). 

Conclusion Efforts to promote regular exercise and healthy lifestyles both in the population and 

among those with diabetes, must continue for the prevention and management of diabetes. The 

findings emphasise the need to create more awareness of both the prevalence and impact of 

ACEs among those treating chronic diseases. 

Key words: Adverse childhood experiences; Diabetes; Depression; Healthcare utilization; Asian
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Article Summary

Strengths and limitations of this study

1. The study reports on the association of Adverse Childhood Events (ACEs) with diabetes 

based on data from a large representative sample of the Singapore population.

2. Data on ACEs was captured retrospectively and is there is the possibility of recall bias 

and given the sensitivity of the questions there could have been a tendency to under-

report the experience. 

3. The study did not assess the severity, age of onset and duration of ACEs which may have 

an impact on the development of diabetes.

4. The cross-sectional design limits assertions regarding the sequence of causal events, but 

this was overcome to a significant extent by excluding those with onset of diabetes before 

18 years of age.
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Introduction

Adverse Childhood Experiences (ACEs) is a broad construct that includes neglect, abuse as well 

as household dysfunction resulting from parental mental illness, substance abuse, imprisonment, 

domestic violence and divorce occurring before a child reaches 18 years of age.1 The prevalence 

of ACEs varies considerably across studies depending on the population and the methodology. A 

study from the USA found an overall prevalence of 46% 2 while another study estimated that about 

47% of the population of England had experienced at least one such ACE3 ACEs impact health 

outcomes across the life course.4 These include emergence of mental and physical illnesses,5-7 

premature death8 9 and higher health care utilization.10 11 Studies have attributed the higher 

utilization among those with ACEs to health comorbidities, functional disability, need for complex 

care coordination and frequent missing of appointments.12 13

Diabetes mellitus (subsequently referred to as diabetes) is a chronic metabolic condition 

with an estimated global prevalence of 9.3% (463 million people) in 2019, which is projected to 

increase to 10.2% (578 million) by 2030.14  The annual direct cost of diabetes—i.e., cost of treating 

and managing the disease and its complications, was calculated to be International$ 825 billion in 

2014.15 Risk factors commonly identified for type 1 diabetes include, genetic susceptibility, viral 

infections, and toxins while type 2 diabetes has been strongly linked with increasing age, increased 

body mass index (BMI), ethnicity, and family history.16 

Over the years, studies have linked diabetes to ACEs. A systematic review and meta-

analysis suggested that adverse childhood experiences (ACEs) were associated with a significantly 

elevated risk of type 2 diabetes in adulthood. Participants who had experienced an ACE had a 32% 

increased risk of developing type 2 diabetes later in life. Additionally, they found a differential 

effect of the type of ACE; neglect had the strongest effect while physical abuse had the least.17 
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Studies have further shown that endorsement of a single ACE may increase risk for diabetes in 

adulthood by 11%18 and this risk may increase two-fold when there are more than three ACEs.19

Suggested pathophysiological mechanisms linking ACEs with diabetes include, effects on 

the hypothalamic- pituitary axis,20-22 metabolic dysregulation i.e., elevated level of triglycerides, 

free fatty acids, glucose, and insulin caused by the chronic stress from ACEs,23 elevated levels of 

inflammatory markers,24 and epigenetic changes.25 26 Psycho-social risk factors have also been 

proposed as a possible mechanism. Those with a history of ACEs are more likely to have health-

risk behaviors such as cigarette smoking, alcohol misuse, infrequent physical activity and having 

higher BMIs27-29 - all of which can increase the risk of diabetes. Lastly, studies have shown a 

significant association of ACEs with posttraumatic stress disorder (PTSD) and depression which 

in turn are strongly associated with the development of obesity, diabetes and cardiovascular 

diseases.19 23 30 However, much less is known about the correlates of ACEs for adults who have 

diabetes. Although in general exposure to ACEs is associated with increased burden to physical 

illness such as depression,31 and lower health-related quality of life (QOL),32 it is not known how 

or if these variables are related to ACEs in patients who have diabetes. 

Singapore is a multi-ethnic country located in Southeast Asia. A recent study found that 

the lifetime prevalence of ACEs in the adult population of Singapore was 63.9%. ACEs were 

associated with several mental disorders including major depressive disorder (MDD) and alcohol 

use disorder.33 However, the study did not examine the association of ACEs with physical 

conditions. The prevalence of diabetes in Singapore is higher compared to the global prevalence, 

with about 1 in 9 Singaporeans (11.3%) suffering from the disease.34 Diabetes was the seventh 

leading cause of disability adjusted life years in Singapore in 2017.35 While a number of studies 

have examined the association between ACEs and diabetes in Western populations, few have done 
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it in Asian populations. It is also not known whether those with diabetes and ACEs are more likely 

to be associated with mental disorders or increased resource utilization.

Accordingly, the current study aimed to examine (i) the association between ACEs and 

diabetes, including the association after age stratification and (ii) the association of comorbid 

depression, resource utilization and health related quality of life (HRQoL) among those with 

diabetes and ACEs. The authors hypothesized that experiencing ACEs in childhood would be 

associated with diabetes, and that the association will be attenuated by health risk behaviors, 

including obesity, smoking and alcohol use. We also hypothesized that those with diabetes and 

ACEs would be significantly associated with MDD, increased resource utilization and lower 

HRQoL.

Methods

The current study comprises secondary analysis of data from the Singapore Mental Health 

Study conducted in 2016 (SMHS 2016). SMHS 2016 was a population-based, psychiatric 

epidemiological study conducted among Singapore residents. The study has been described in 

detail in an earlier article.36 In brief, a probability sample was randomly selected using a 

disproportionate stratified sampling design from a national registry of Singaporeans and permanent 

residents. Residents aged 65 and above, Malays and Indians were over-sampled to ensure that an 

adequate sample size would be achieved to improve the reliability of estimates for the subgroup 

analysis. In all, 6,126 respondents were interviewed as part of the study with a response rate of 

69.5%.36

2.1.  Study procedures

Face to face interviews were conducted in English, Chinese or Malay language depending 

on the preference of the respondents. Respondents comprised those who were 18 years and older, 
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Singapore citizens or Permanent residents, living in Singapore in a community dwelling during 

the field period. Trained interviewers from a survey research company administered the survey 

using computer assisted personal interviews (CAPI). The study was approved by the National 

Healthcare Group’s Domain Specific Review Board. Written informed consent was obtained from 

all participants and parents or legally acceptable representatives of those aged below 21 years.

2.2.  Questionnaires

2.2.1. World Health Organisation – Composite International Diagnostic Interview version 3.0 

(WHO-CIDI 3.0)

Diagnoses of lifetime MDD, was generated using the CIDI 3.0 algorithm for the Diagnostic 

and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria.37 

A modified version of the CIDI checklist of chronic medical disorders was used to establish 

the prevalence of eighteen chronic medical conditions including diabetes.38 The question was read 

as ‘I’m going to read to you a list of health problems some people have. Has a doctor ever told you 

that you have any of the following…’ This was followed by a list of chronic medical conditions 

which were considered prevalent in Singapore’s population. Those who gave a positive answer to 

the question were routed to the question “How old were you when you were first diagnosed with 

the condition?” 

2.2.2.  Adverse Childhood Experiences– International Questionnaire (ACE -IQ)

The World Health Organisation’s international questionnaire was used to establish the 

prevalence of ACEs in the current study.39 The questions from ACE-IQ included in the current 

study cover physical, sexual and emotional abuse and neglect by parents or caregivers; as well as 

family dysfunction. Only one question was asked to assess sexual abuse – “Did someone touch or 

fondle you in a sexual way when you did not want them to?” All questions about ACEs pertained 

to the respondents’ first 18 years of life, and responses were binary (yes or no) or frequency-based. 
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From these, a dichotomous variable was created to reflect exposure to each ACE type and category 

(abuse, neglect, household dysfunction, and bullying). Given the sensitive nature of the questions, 

the questionnaire was self-administered by the respondent using a tablet. For those who were not 

literate, the items were read out in a neutral manner by the interviewer. Consistent with previous 

research,40-42 the number of ACEs that the respondents reported having experienced was summed 

into an ACE count (range 0 to 11) and categorised into four groups for analysis: 0 ACE, 1 ACE, 2 

ACEs and 3 + ACEs. 

2.2.3 Health Risk Behaviors

- Overweight and obesity: BMI was calculated as weight in kilograms divided by the square of 

height in meters; weight and height were self-reported by participants. BMI was coded into 

underweight (< 18.5), normal (18.5–24.9), overweight (25–29.9), and obese (> = 30), consistent 

with current recommendations.43

- Alcohol use: Based on questions from the WHO-CIDI 3.0 as well as a series of questions created 

to assess binge drinking, participants were classified as non-drinkers, drinker but not binge drinker 

and those with binge drinking.

- Smoking history: Participants were asked if they are current smokers, ex-smokers or non-smokers 

i.e., have never smoked before. They were then classified as never, past, and current smokers.

2.2.3.  SF-12 questionnaire

The Short Form (SF)-12 instrument was used to measure the generic HRQoL.44 It measures eight 

domains of health: physical function (PF), role-physical (RP), bodily pain (BP), general health 

(GH), vitality (VT), social function (SF), role-emotion (RE), and mental health (MH). Scores from 

these domains are used to generate two summary scores - physical component summary (PCS) 
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and mental component summary (MCS). Both summary scores range between 0 and 100, with 

higher scores indicating better health. Internal consistency reliability for PCS (Cronbach’s 

alpha = 0.81) and MCS (Cronbach’s alpha = 0.82) domain scores were high in the current study.

2.2.4 Resource utilization 

Information on healthcare resource utilization was obtained from respondents using an adapted 

version of the Client Service Receipt Inventory (CSRI).45 The instrument asked whether 

respondents had accessed specific healthcare resources during the past 3-month period before the 

time of the interview. This included care from the polyclinic doctor (government primary care 

doctors), restructured hospital doctors (a public hospital doctor which is wholly owned by the 

government), private hospital/clinic doctors, and hospitalisations.

2.2.5 Socio-Demographic Questionnaire

Data on sex, age, ethnicity (Chinese, Malay, Indian, and Others), marital status (not married, 

married, divorced/ separated and widowed), educational level (primary and below, secondary, 

vocational/ institute of technical education (ITE), pre-university/ junior college, diploma and 

university), employment status (employed, unemployed and economically inactive, i.e., students, 

homemakers and retirees) and monthly household income was collected. Monthly household 

income was calculated as the average pre-tax income in the past 12 months, of all family members 

living in the same household.

Statistical analysis

Statistical analyses were carried out using the STATA version 13.0. All estimates were 

analyzed using survey weights to adjust for oversampling, non-response and poststratification 
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according to age and ethnicity distribution between the survey sample and the Singapore adult 

population in 2014. Mean and standard errors were calculated for continuous variables and 

frequencies and percentages for categorical variables. Multiple logistic regression was used to 

determine sociodemographic factors associated with diabetes as well as to determine the 

association of ACEs (specific experiences and counts) with diabetes (model 1), after adjusting for 

health risk behavior factors (model 2) and adjusting for both health risk behaviors and 

sociodemographic factors (model 3). In addition, we tested for interaction between age (18-49 

years, and 50+ yrs) and different ACEs (yes/no) in relation to diabetes by including multiplicative 

interaction terms in the multivariable logistic regression models. We chose the cut-off age as 49 

years as the median age of onset of diabetes in the sample was 49 years. Since the interaction 

between age and several ACEs was significant, we described the associations between ACEs and 

diabetes stratified for age.

Multiple linear and logistic regression models were also used to examine the associations 

among those with diabetes and any ACE (versus among those with diabetes alone) and MDD, 

primary care visits, restructured hospital doctor visits, private hospital doctor visits, and number 

of hospitalisations after adjusting for health risk behavior factors and sociodemographic factors.

Those with onset of diabetes up to the age of 18 years were excluded from these analyses 

as ACEs measure adversities experienced until 18 years. All statistically significant differences 

were evaluated at the 0.05 level using 2-sided tests.

Patient and public involvement

Patients or participants of this study were not involved in the design or development of the study.
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Results

Socio-demographic characteristics of the sample

Six thousand one hundred and six individuals who responded to the questions on diabetes were 

included in the analysis. Table 1 shows the characteristics of the study population. The sample 

comprised of equivalent proportion of male (49.5%) and females (50.5%). Majority of the sample 

was aged between 18-49 years (60%), of Chinese ethnicity (75.7%), married (59.8%), with 

university education (29.4%), employed (72%) and with a monthly household income of SGD 

4,000 and above (63%). 

Prevalence of diabetes and its correlates

The prevalence of diabetes in this population was 9.7% (n= 904). After excluding those with age 

of onset before 18 years of age, the prevalence of diabetes was 9.5% (n=890). The mean and 

median age of onset of diabetes was 48.5 (SD= 13.5) and 49 years, respectively. Participants 

belonging to the age groups of 35-49 years, 50- 64 years and more than 65 years (versus 18-34 

years of age), those of Indian ethnicity (versus Chinese), married (versus single), with pre-

university education (versus university), and those who were overweight and obese (versus normal 

BMI) were more likely to have diabetes. Female gender and those with household income of SGD 

6000-9999 (versus less than below SGD 2000) were less likely to be associated with diabetes 

(Table 1).

Diabetes and ACE

Four thousand four hundred and forty-one individuals who responded to the ACE questions were 

included in the analysis to examine the association between diabetes and types/frequencies of 

ACEs. 
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Supplementary Table 1 shows the associations between diabetes and ACEs. In the overall sample, 

after adjusting for both health risk-behaviors and sociodemographic factors, only those with 

parental separation, divorce or death of a parent remained significantly associated with diabetes 

(OR =1.5, 95% CI =1.01-2.2). 

Examining the interaction effects, revealed a significant interaction between ACE’s and age group 

and diabetes for specific ACES (living with household members who were mentally ill or suicidal, 

emotional abuse and bullying).

When the sample was stratified by age, we found that the associations of ACEs with diabetes 

varied considerably across the two age groups (18-49 and >50 years age group). In the younger 

age group, after controlling for both health risk-behaviors and sociodemographic factors, parental 

separation, divorce or death of a parent (OR =2.2, 95% CI =1.1-4.4), bullying (OR =5.5, 95% CI 

=1.4-21.4) and experiencing 3 or more ACEs (OR =2.3, 95% CI =1.1-5.4) remained significantly 

associated with diabetes. Among older adults, living with household members who were mentally 

ill or suicidal (OR =0.2, 95% CI =0.1-0.6), and emotional abuse (OR =0.2, 95% CI =0.1-0.5) were 

less likely to be associated with diabetes after adjusting for health risk-behaviors and 

sociodemographic factors (Table 2). 

Age of onset of diabetes was substantially earlier in the 18-49 years age group (median = 37 years), 

compared to the age of onset in those belonging to the >50 years age group (median =51 years).

Comorbid depression, resource utilization and health-related quality of life domains among those 

with diabetes and ACE versus those with diabetes alone

The prevalence of those with both diabetes and ACE was higher than those with diabetes alone 

(5.7% (n=350) vs 2.1% (n=137)). Table 3 shows the associations between MDD, resource 
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utilization, and health-related quality of life domains among those with diabetes and ACEs. The 

prevalence of MDD was significantly higher among those with diabetes and ACEs than those with 

diabetes alone (3.7% and 0.3% respectively), and after controlling for sociodemographic and 

health behavior factors in multivariate regression models, those with diabetes and ACEs remained 

more likely to be associated with increased odds of MDD than those with diabetes only (OR= 19.7, 

95% CI = 2.1-187.4). 

Having diabetes with ACE was associated with lower scores on several domains of quality of life 

such as vitality, role emotional and mental health and MCS as compared with diabetes without 

ACEs. In contrast, diabetes with ACE was associated with higher scores on PCS as compared with 

diabetes without ACEs. 

Discussion

The current study used nationally representative data from an urban Asian population to examine 

the association of ACEs with diabetes among those with onset of diabetes after 18 years. Although 

exposure to any ACE was not associated with increased odds of diabetes, those who had 

experienced parental separation, death or divorce of a parent, had higher odds of diabetes. In 

addition, we observed a significant interaction between age and ACEs in relation to odds of 

diabetes. Among those belonging to the younger age group (< 50 years), parental separation, 

divorce or death of a parent, bullying and experiencing 3 or more ACEs was significantly 

associated with diabetes. In contrast, ACEs were not significantly associated with higher odds of 

diabetes in the older age group. 

Associations with specific ACEs vary widely across studies. Monnat and Chandler46 found that 

physical abuse, sexual abuse and exposure to domestic violence increased the odds of diabetes in 
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adult life, while Rich-Edwards et al.27 found that physical and sexual abuse in childhood and 

adolescence were associated with risk of type 2 diabetes among adult women. Longitudinal data 

from the 1979 National Longitudinal Survey of Youth, found that type 2 diabetes was associated 

with parental death in women47. On the other hand, Widom et al.48 using data from court records 

found that physical abuse and neglect (largely physical neglect) were associated with diabetes in 

middle adulthood. Several reasons have been suggested to explain the association of ACEs with 

the development of diabetes and other chronic physical conditions. ACEs negatively impact 

neurodevelopment especially that of the hypothalamic–pituitary– adrenal (HPA) axis,49 cause an 

elevated level of triglycerides, free fatty acids and glucose in the blood23 and they result in the 

elevation of inflammatory markers all of which have been postulated to be involved in the 

development of chronic illnesses including diabetes.50

In the older population i.e., those more than 50 years of age, living with household members who 

were mentally ill or suicidal and emotional abuse were both less likely to have diabetes. We are 

currently unable to explain this association. This suggests that while age remains one of the most 

significant risk factors for diabetes, ACEs are an important risk factor for diabetes among those 

belonging to the younger age groups. Interestingly the age of onset of diabetes was significantly 

earlier in the 18 to 49 years age group, compared to the age of onset in those older than 50 years, 

which raises the possibility that ACEs may be linked to an earlier onset of diabetes and thus is 

more strongly associated with diabetes in those belonging to the younger age group.

Several studies have highlighted that health risk behaviours which are associated with ACEs may 

explain poor outcomes such as diabetes in this group. However, upon adjusting for health risk 
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behaviours, the association between ACEs and diabetes did not change significantly for the overall 

sample in our study. These results are similar to that of Kreatsoulas et al.51 who found that when 

they tested the association of adverse childhood experiences with diabetes through health 

behaviors which are known risk factors such as obesity, the relationship did not attenuate 

significantly. The authors suggested that adverse childhood experiences may operate on an 

independent and potent pathway early in life. 

Few studies have examined the impact of ACEs among those with diabetes. Our study in line with 

our hypothesis found that those with ACE and diabetes were more likely to be associated with 

MDD, and lower HRQoL. Stress and inflammatory mechanisms have been suggested to explain 

the association between diabetes and depression,52 it therefore follows that those with diabetes and 

ACEs would have greater cumulative stress that could lead to a higher prevalence of depression in 

this group. On the other hand, a mediation analysis suggested that ACEs were indirectly associated 

with an increased risk of diabetes in adulthood via depressive symptoms23. Corso et al.32 have 

reported lower HRQoL among those with ACEs. Thus, ACEs alone or in combination with 

depression could have led to a lower HRQoL among those with diabetes and ACES. 

However, in terms of resource utilization the results did not support our hypothesis. Our study, 

unlike Hargreaves et al.53 who reported greater use of emergency rooms and doctor office visits 

with increasing ACEs as compared to those without any ACEs, did not find increased resource 

utilisation among those with diabetes and ACEs. Koball et al.12 examining the impact of ACEs on 

resource utilization found that patients with higher ACEs were more likely to miss appointments 

or ‘late-cancelled’ appointments. Thus, while resource utilization may be low there would be an 
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enormous cost to the healthcare system. The lack of significant association of those with diabetes 

and ACEs may thus be due to the fact that we did not examine it in those with high ACEs (current 

analysis included those with at least one ACE) or it could be that while those with ACEs needed 

services, they did not attend them. 

The prevalence of diabetes in our study sample was 9.7%. Socio-demographic factors and health 

behaviours including older age, Indian ethnicity as well as being overweight and obese were 

associated with diabetes, whereas female gender was associated with a lower prevalence of 

diabetes These findings are similar to the prevalence figures of 9.1% of diabetes in Singapore as 

reported by the World Health Organisation (WHO) who also identified overweight, obesity and 

physical inactivity to be significant risk factors.54 Older age and Indian ethnicity have similarly 

been identified as risk factors for diabetes in Singapore.55 These results add support to the validity 

of the study methodology and our data.

Limitations 

Some limitations of the study need to be noted so that the gaps can be addressed in future studies. 

Data on ACEs was captured retrospectively and is there is the possibility of recall bias, and given 

the sensitivity of the questions there could have been a tendency to under-report the experience. 

However, we have tried to minimize this by assuring the participants of the confidential nature of 

the study and that no participant identifiers would be collected. Furthermore, the ACE 

questionnaire was self-administered by participants to reduce under-reporting as much as possible. 

Some of the participants refused to complete the ACE questionnaire but the participation rates 

were comparable to other studies.41 56 The study did not assess the severity, age of onset and 
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duration of ACEs which may have an impact on the development of diabetes.27 57 Diagnosis of 

diabetes was also self-reported and thus we would have missed out those who had not been given 

a clinical diagnosis of diabetes. The questions in our study did not differentiate between Type 1 

and Type 2 diabetes. However, Type 1 diabetes onset is rare above the age of 20. The current data 

included only those with age of onset of diabetes after 18 years and thus, we assume that most 

cases were those of type 2 diabetes. Lastly, the cross-sectional design limits assertions regarding 

the sequence of causal events, but this was overcome to a significant extent by excluding those 

with onset of diabetes before 18 years of age.

Conclusions

Our study establishes an association between ACEs and diabetes in a multi-ethnic urban population 

of a developed Asian country. Among those with diabetes, presence of ACEs worsens outcomes 

in terms of comorbidity with MDD, and poorer HRQoL. Our findings highlight the need to address 

ACEs across society to improve health outcomes for the population. A multi-agency effort is 

needed across both health and social care sectors to screen, prevent and provide early care for those 

who have experienced ACEs.  However, we must be cognizant that advancing age and BMI are 

other important factors associated with diabetes. Thus, efforts to promote regular exercise and 

healthy lifestyles both in the population and among those with diabetes, must continue along with 

better identification of, and communication about ACEs within the healthcare setting. We need to 

develop trauma-informed methods for screening and treating childhood trauma. We also need to 

create more awareness of both the prevalence and impact of ACEs not just among mental health 

providers but also among those treating chronic diseases. A collaborative care approach to treat 
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those with chronic diseases and ACEs that addresses their medical, mental health, and trauma-

related issues will improve outcomes for the person and the society as a whole. 
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Table 1. Sociodemographic and lifestyle characteristics of participants and their association with diabetes*

N Weighted % Model 1 Model 2

Overall 6126 100.0

Variables OR 95% CI OR 95% CI
Age groups 18-34 1707 30.4 1.0 1.0
(Age in years)  35-49 1496 29.6 5.9 2.4 14.3 5.1 2.1 12.2

50-64 1626 26.9 12.5 5.2 30.1 10.9 4.5 26.3
65+ 1297 13.1 20.1 8.2 49.3 19.1 7.6 47.8

Gender Male 3068 49.6 1.0 1.0
Female 3058 50.4 0.6 0.5 0.8 0.6 0.5 0.9

Ethnicity Chinese 1782 75.7 1.0 1.0
Malay 1990 12.5 1.6 1.2 2.1 1.1 0.8 1.5
Indian 1844 8.7 2.4 1.9 3.2 1.9 1.5 2.6
Others 510 3.1 0.9 0.5 1.4 0.8 0.5 1.2

Marital status Single 1544 31.0 1.0 1.0
Married 3843 59.8 2.6 1.4 4.8 2.5 1.4 4.7
Divorced 343 5.2 1.3 0.6 3.0 1.3 0.6 2.8
Widowed 396 4.1 1.9 0.9 4.0 1.9 0.9 4.0

Education University 1455 29.4 1.0 1.0
Primary 1187 16.3 1.8 1.0 3.1 1.7 0.9 3.1
Secondary 1648 23.0 1.4 0.8 2.3 1.3 0.8 2.3
Pre-University 304 6.0 2.8 1.4 5.6 2.7 1.3 5.4
Vocational 508 6.3 0.8 0.4 1.8 0.8 0.4 1.9
Polytechnic Diploma 1024 19.0 0.7 0.4 1.3 0.7 0.4 1.3

Employment Employed 4055 72.0 1.0 1.0
Unemployed 354 5.3 1.5 1.1 2.1 1.4 1.0 2.0
Economically inactive 1716 22.7 1.6 0.8 3.1 1.5 0.7 3.0
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Income (SGD) Below 2000 1139 16.4 1.0 1.0
2000-3999 1327 19.9 0.9 0.6 1.3 0.8 0.6 1.3
4000-5999 1111 21.4 0.8 0.5 1.2 0.7 0.5 1.2
6000-9999 1001 218 0.5 0.3 0.8 0.4 0.3 0.7
10000+ 860 20.4 0.9 0.5 1.4 0.9 0.5 1.4

Smoking status Never Smoked 4181 73.4 1.0
Current smoker 1176 16.1 0.9 0.5 1.3
Past Smoker 750 10.5 1.5 1.0 2.2

Body Mass Index (BMI) Normal 2679 54 1.0
Underweight 304 6.5 0.6 0.2 1.7
Overweight 1923 28.1 1.5 1.1 2.1
Obese 1077 11.5 3.8 2.4 5.2

Lifetime Drinking status Non-drinker 2460 22.7 1.0
No binge 2995 63.6 0.9 0.7 1.2
Binge drinking 671 13.7 0.8 0.5 1.4

*includes those with age of onset after 18 years
Model 1 adjusted for sociodemographic characteristics (age group, gender, ethnicity, marital status, education level, employment and income).
Model 2 adjusted for sociodemographic characteristics (age group, gender, ethnicity, marital status, education level, employment and income) and all health risk 
behaviors (smoking, lifestyle drinking status and obesity).
OR = odds ratio (multiple logistic regression); CI = confidence interval
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Table 2. Association between type and frequencies of adverse childhood experiences (ACE) and diabetes* after controlling for health risk 
behaviors and socio-demographic factors 

                                                                                      
Overall sample

Main effect
18-49 years 50 years and older

OR    95% CI          OR  95% CI OR  95% CI
Emotional neglect 1.3 0.9 1.9 1.4 0.7 2.6 1.2 0.8 1.8

Physical neglect 1.0# 0.6 2.0 2.3 0.9 5.9 0.7 0.3 1.5
Living with household members who were 
substance abusers 1.0 0.5 2.0 0.9 0.3 2.6 1.0 0.4 2.6
Living with household members who were 
mentally ill or suicidal 0.9# 0.4 2.1 1.6 0.6 4.0 0.2 0.1 0.6
Battered mother/female guardian 1.3 0.6 2.4 1.3 0.6 3.2 1.1 0.4 2.7
Living with household members who were 
imprisoned 1.7 0.8 3.6 2.1 0.9 4.7 1.3 0.5 3.4
Parental separation, divorce or death of a parent 1.5 1.01 2.2 2.2 1.1 4.4 1.3 0.8 1.9
Emotional abuse 0.8 0.3 2.3 1.3 0.5 3.6 0.2 0.1 0.5

Physical abuse 1.8# 0.8 4.1 2.4 1.0 6.1 0.9 0.3 2.9
Sexual abuse 2.3 0.9 5.6 2.4 0.8 7.3 2.2 0.7 7.5

Bullying 2.9# 0.7 12.8 5.5 1.4 21.4 0.3 0.0 1.4
Any ACE 1.3 0.9 1.9 1.4 0.7 2.8 1.2 0.7 1.8
Number of ACEs (Reference=0)
1 1.1 0.7 1.8 1.1 0.5 2.5 1.1 0.7 1.8
2 1.3 0.8 2.3 1.3 0.5 3.4 1.3 0.7 2.4
3 and more 1.6 0.9 2.8 2.3 1.1 5.4 1.1 0.6 2.2

OR= odds ratio; CI = confidence interval. 
OR were adjusted for sociodemographic (i.e., age, gender, ethnicity, marital status, education, income) and health risk behaviors (i.e., BMI, drinking and smoking) 
*cases with age of onset before 18 years were excluded from the analysis 
#Significant interaction effect between age group and ACE
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Table 3 Associations between major depressive disorder, resource utilization, health-related quality of life domains and those with diabetes 
and any adverse childhood event
Outcomes A. Diabetes with ACE B. Diabetes without ACE

(n=350) (n=137)     A vs. B (reference) *
n % n % OR    95% CI p value

Depression 15 3.7 1 0.3 19.7 2.1 187.4 0.010
Resource utilization
Primary care doctor 172 44.8 66 37.2 1.1 0.5 2.2 0.855
Restructured hospital doctor 105 27.0 40 26.7 1.3 0.6 2.6 0.513

Private hospital/clinic doctors 107 30.3 36 39.3 0.8 0.3 1.7 0.483

Mean SD Mean SD Beta coefficient 95% CI p value
Number of hospitalisations 0.5 4.2 0.3 3.2 0.2 -0.5 0.8 0.607

Quality of life domains Mean SD Mean SD Beta coefficient 95% CI p value
Physical functioning 51.0 11.8 51.1 11.2 0.4 -2.0 2.9 0.736
Role physical 52.6 9.6 54.8 7.6 -1.8 -3.8 0.2 0.075
Bodily pain 27.3 10.7 24.5 8.5 2.1 -0.3 4.6 0.087
General health 48.2 12.8 45.0 11.9 2.6 -0.7 6.0 0.120
Vitality 53.8 11.8 57.4 10.0 -3.5 -6.2 -0.8 0.014
Social functioning 53.7 9.3 55.4 6.1 -1.3 -3.3 0.7 0.208
Role emotional 53.3 8.9 55.5 4.4 -1.7 -3.0 -0.5 0.011
Mental health 55.1 10.4 58.8 7.2 -4.0 -6.2 -1.8 <0.001
PCS 42.0 7.2 40.0 5.9 2.0 0.5 3.4 0.009
MCS 57.5 10.6 61.6 6.1 -3.9 -5.8 -1.9 <0.001

*Regression analyses were conducted after controlling for sociodemographic (i.e., age, gender, ethnicity, marital status, education, income) and health risk 
behaviors (i.e., BMI, smoking and drinking)
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Supplementary Table 1a.  Association between diabetes* and type/frequencies of ACEs in the overall sample

Model 1 Model 2

OR 95% CI OR 95% CI
Emotional neglect 1.7 1.3 2.3 1.7 1.2 2.3
Physical neglect 1.7 1.0 2.8 1.5 0.9 2.7
Living with household members who were substance abusers 0.9 0.5 1.8 1.1 0.5 2.1
Living with household members who were mentally ill or suicidal 0.6 0.3 1.4 0.7 0.3 1.5
Battered mother/female guardian 0.9 0.5 1.6 0.9 0.5 1.6
Living with household members who were imprisoned 1.3 0.7 2.5 1.2 0.6 2.4
Parental separation, divorce or death of a parent 1.8 1.3 2.4 1.7 1.2 2.4
Emotional abuse 0.4 0.2 0.9 0.4 0.2 0.9
Physical abuse 0.9 0.5 2.0 0.9 0.4 2.0
Sexual abuse 1.5 0.7 3.3 1.7 0.7 3.8
Bullying 1.1 0.4 3.5 1.3 0.4 4.1
Any ACE 1.6 1.2 2.3 1.6 1.2 2.3
Number of ACEs (Reference=0)
1 1.5 1.1 2.3 1.6 1.1 2.3
2 1.9 1.2 2.9 1.9 1.2 2.9
3 and more 1.6 0.9 2.5 1.6 1.0 2.7

Model 1: Crude odds ratio (OR)
Model 2: Adjusted OR after controlling for health risk behaviors (i.e., BMI, drinking and smoking)
*cases with age of onset before 18 years were excluded from the analysis
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Supplementary Table 1b. Associations between diabetes* and type/frequencies of ACEs stratified by age. 

18-49 years       50 years and older 18-49 years  50 years and older
                            Model 1      Model 2
OR   95% CI OR   95% CI OR 95% CI OR  95% CI

Emotional neglect 1.5 0.9 2.8 1.3 0.9 1.9 1.4 0.8 2.7 1.3 0.9 1.8
Physical neglect 3.4 1.3 9.2 0.8 0.4 1.5 2.8 1.0 8.0 0.9 0.5 1.7
Living with household members who 
were substance abusers 1.1 0.3 3.4 1.0 0.4 2.2 1.3 0.4 3.9 1.0 0.4 2.4
Living with household members who 
were mentally ill or suicidal 1.7 0.6 4.8 0.3 0.1 0.6 1.9 0.7 5.4 0.3 0.1 0.6
Battered mother/female guardian 1.5 0.6 3.7 0.9 0.4 2.1 1.4 0.6 3.5  0.8 0.4 1.9
Living with household members who 
were imprisoned 2.0 0.9 4.9 1.1 0.4 3.0 1.8 0.7 4.5 1.0 0.4 2.6
Parental separation, divorce or death of a parent 2.5 1.3 4.6 1.2 0.8 1.8 2.4 1.3 4.4 1.2 0.8 1.8
Emotional abuse 1.0 0.4 2.6 0.2 0.1 0.5 1.0 0.4 2.7 0.2 0.1 0.4
Physical abuse 2.3 0.9 5.8 0.8 0.3 2.2 2.1 0.8 5.4 0.7 0.2 2.2
Sexual abuse 2.6 0.9 7.5 2.1 0.7 6.9 2.8 0.9 8.4 1.8 0.5 6.5

Bullying 3.2 0.9
11.

0 0.3 0.0 1.3 3.7 1.0 13.0 0.3 0.1 1.4
Any ACE 1.5 0.8 2.8 1.3 0.8 1.9 1.4 0.8 2.8 1.3 0.9 2.0
Number of ACEs (Reference=0)
1 1.1 0.5 2.4 1.2 0.8 2.0 1.1 0.5 2.5 1.3 0.8 2.1
2 1.3 0.5 3.3 1.4 0.8 2.4 1.2 0.5 3.2 1.4 0.8 2.5
3 and more 2.5 1.1 5.5 1.1 0.6 2.1 2.4 1.1 5.5 1.0 0.5 2.0

Model 1: Crude odds ratio (OR); 
Model 2: Adjusted OR after controlling for health risk behaviors (i.e., BMI, drinking and smoking)
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Abstract

Objectives Several studies have linked diabetes mellitus to adverse childhood experiences (ACE) 

While a number of studies have examined the association between ACEs and diabetes in Western 

populations, few have done it in Asian populations. The current study aimed to examine (i) the 

association between ACEs and diabetes, including the association after age stratification and (ii) 

the association of comorbid depression, resource utilization and health related quality of life 

(HRQoL) among those with diabetes and ACEs in Singapore.

Settings Participants were surveyed in their homes or any other preferred venue of their choice.

Participants 6126 individuals aged 18 years and above randomly selected among Singapore 

residents. 

Design Cross-sectional nationwide epidemiological study. 

Results Exposure to any ACE was not associated with increased odds of diabetes, however those 

who had experienced parental separation, death or divorce of a parent, had higher odds of diabetes. 

In addition, we observed significant interaction between age and ACEs in relation to odds of 

diabetes. ACEs were significantly associated with higher odds of diabetes mainly in the younger 

age group. The prevalence of major depressive disorder was significantly higher among those with 

diabetes and ACEs than those with diabetes alone (3.7% and 0.3% respectively). 

Conclusion Efforts to promote regular exercise and healthy lifestyles both in the population and 

among those with diabetes, must continue for the prevention and management of diabetes. The 

findings emphasise the need to create more awareness of both the prevalence and impact of ACEs 

among those treating chronic diseases. 

Key words: Adverse childhood experiences; Diabetes; Depression; Healthcare utilization; Asian
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Article Summary

Strengths and limitations of this study

1. The study reports on the association of Adverse Childhood Events (ACEs) with diabetes 

based on data from a large representative sample of the Singapore population.

2. Data on ACEs was captured retrospectively and is there is the possibility of recall bias and 

given the sensitivity of the questions there could have been a tendency to under-report the 

experience. 

3. The study did not assess the severity, age of onset and duration of ACEs which may have 

an impact on the development of diabetes.

4. The cross-sectional design limits assertions regarding the sequence of causal events, but 

this was overcome to a significant extent by excluding those with onset of diabetes before 

18 years of age.
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Introduction

Adverse Childhood Experiences (ACEs) is a broad construct that includes neglect, abuse as well 

as household dysfunction resulting from parental mental illness, substance abuse, imprisonment, 

domestic violence and divorce occurring before a child reaches 18 years of age.1 The prevalence 

of ACEs varies considerably across studies depending on the population and the methodology. A 

study from the USA found an overall prevalence of 46% 2 while another study estimated that about 

47% of the population of England had experienced at least one such ACE3 ACEs impact health 

outcomes across the life course.4 These include emergence of mental and physical illnesses,5-7 

premature death8 9 and higher health care utilization.10 11 Studies have attributed the higher 

utilization among those with ACEs to health comorbidities, functional disability, need for complex 

care coordination and frequent missing of appointments.12 13

Diabetes mellitus (subsequently referred to as diabetes) is a chronic metabolic condition 

with an estimated global prevalence of 9.3% (463 million people) in 2019, which is projected to 

increase to 10.2% (578 million) by 2030.14  The annual direct cost of diabetes—i.e., cost of treating 

and managing the disease and its complications, was calculated to be International$ 825 billion in 

2014.15 Risk factors commonly identified for type 1 diabetes include, genetic susceptibility, viral 

infections, and toxins while type 2 diabetes has been strongly linked with increasing age, increased 

body mass index (BMI), ethnicity, and family history.16 

Over the years, studies have linked diabetes to ACEs. A systematic review and meta-

analysis suggested that adverse childhood experiences (ACEs) were associated with a significantly 

elevated risk of type 2 diabetes in adulthood. Participants who had experienced an ACE had a 32% 

increased risk of developing type 2 diabetes later in life. Additionally, they found a differential 

effect of the type of ACE; neglect had the strongest effect while physical abuse had the least.17 
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Studies have further shown that endorsement of a single ACE may increase risk for diabetes in 

adulthood by 11%18 and this risk may increase two-fold when there are more than three ACEs.19A 

meta-analysis by Jakubowski et al.20 examined the association of cumulative childhood adversity 

(index of at least 2 ACEs) on cardiometabolic disease (either cardiovascular disease outcomes and 

metabolic outcomes – diabetes and metabolic syndrome) and it showed a  significant effect of 

cumulative childhood adversity on adult metabolic outcomes.

Suggested pathophysiological mechanisms linking ACEs with diabetes include, effects on 

the hypothalamic- pituitary axis,21-23 metabolic dysregulation i.e., elevated level of triglycerides, 

free fatty acids, glucose, and insulin caused by the chronic stress from ACEs,24 elevated levels of 

inflammatory markers,25 and epigenetic changes. 26 27 Psycho-social risk factors have also been 

proposed as a possible mechanism. Those with a history of ACEs are more likely to have health-

risk behaviors such as cigarette smoking, alcohol misuse, infrequent physical activity and having 

higher BMIs28-30- all of which can increase the risk of diabetes. Lastly, studies have shown a 

significant association of ACEs with posttraumatic stress disorder (PTSD) and depression which 

in turn are strongly associated with the development of obesity, diabetes and cardiovascular 

diseases.19 24 31 However, much less is known about the correlates of ACEs for adults who have 

diabetes. Although in general exposure to ACEs is associated with increased burden to physical 

illness such as depression,32 and lower health-related quality of life (QOL),33 it is not known how 

or if these variables are related to ACEs in patients who have diabetes. 

Singapore is a multi-ethnic country located in Southeast Asia. A recent study found that 

the lifetime prevalence of ACEs in the adult population of Singapore was 63.9%. ACEs were 

associated with several mental disorders including major depressive disorder (MDD) and alcohol 

use disorder.34 However, the study did not examine the association of ACEs with physical 
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conditions. The prevalence of diabetes in Singapore is higher compared to the global prevalence, 

with about 1 in 9 Singaporeans (11.3%) suffering from the disease.35 Diabetes was the seventh 

leading cause of disability adjusted life years in Singapore in 2017.36 While a number of studies 

have examined the association between ACEs and diabetes in Western populations, few have done 

it in Asian populations. It is also not known whether those with diabetes and ACEs are more likely 

to be associated with mental disorders or increased resource utilization.

Accordingly, the current study aimed to examine (i) the association between ACEs and 

diabetes, including the association after age stratification and (ii) the association of comorbid 

depression, resource utilization and health related quality of life (HRQoL) among those with 

diabetes and ACEs. The authors hypothesized that experiencing ACEs in childhood would be 

associated with diabetes, and that the association will be attenuated by health risk behaviors, 

including obesity, smoking and alcohol use. We also hypothesized that those with diabetes and 

ACEs would be significantly associated with MDD, increased resource utilization and lower 

HRQoL.

Methods

The current study comprises secondary analysis of data from the Singapore Mental Health 

Study conducted in 2016 (SMHS 2016). SMHS 2016 was a population-based, psychiatric 

epidemiological study conducted among Singapore residents. The study has been described in 

detail in an earlier article.37 In brief, a probability sample was randomly selected using a 

disproportionate stratified sampling design from a national registry of Singaporeans and permanent 

residents. Residents aged 65 and above, Malays and Indians were over-sampled to ensure that an 

adequate sample size would be achieved to improve the reliability of estimates for the subgroup 
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analysis. In all, 6,126 respondents were interviewed as part of the study with a response rate of 

69.5%.37

2.1.  Study procedures

Face to face interviews were conducted in English, Chinese or Malay language depending 

on the preference of the respondents. Respondents comprised those who were 18 years and older, 

Singapore citizens or Permanent residents, living in Singapore in a community dwelling during 

the field period. Trained interviewers from a survey research company administered the survey 

using computer assisted personal interviews (CAPI). The study was approved by the National 

Healthcare Group’s Domain Specific Review Board. Written informed consent was obtained from 

all participants and parents or legally acceptable representatives of those aged below 21 years.

2.2.  Questionnaires

2.2.1. World Health Organisation – Composite International Diagnostic Interview version 3.0 

(WHO-CIDI 3.0)

Diagnoses of lifetime MDD, was generated using the CIDI 3.0 algorithm for the Diagnostic 

and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria.38 

A modified version of the CIDI checklist of chronic medical disorders was used to establish 

the prevalence of eighteen chronic medical conditions including diabetes.39 The question was read 

as ‘I’m going to read to you a list of health problems some people have. Has a doctor ever told you 

that you have any of the following…’ This was followed by a list of chronic medical conditions 

which were considered prevalent in Singapore’s population. Those who gave a positive answer to 

the question were routed to the question “How old were you when you were first diagnosed with 

the condition?” 

2.2.2.  Adverse Childhood Experiences– International Questionnaire (ACE -IQ)
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The World Health Organisation’s international questionnaire was used to establish the 

prevalence of ACEs in the current study.40 The questions from ACE-IQ included in the current 

study cover physical, sexual and emotional abuse and neglect by parents or caregivers; as well as 

family dysfunction. Only one question was asked to assess sexual abuse – “Did someone touch or 

fondle you in a sexual way when you did not want them to?” All questions about ACEs pertained 

to the respondents’ first 18 years of life, and responses were binary (yes or no) or frequency-based. 

From these, a dichotomous variable was created to reflect exposure to each ACE type and category 

(abuse, neglect, household dysfunction, and bullying). Given the sensitive nature of the questions, 

the questionnaire was self-administered by the respondent using a tablet. For those who were not 

literate, the items were read out in a neutral manner by the interviewer. Consistent with previous 

research,41-43 the number of ACEs that the respondents reported having experienced was summed 

into an ACE count (range 0 to 11) and categorised into four groups for analysis: 0 ACE, 1 ACE, 2 

ACEs and 3 + ACEs. 

2.2.3 Health Risk Behaviors

- Overweight and obesity: BMI was calculated as weight in kilograms divided by the square of 

height in meters; weight and height were self-reported by participants. BMI was coded into 

underweight (< 18.5), normal (18.5–24.9), overweight (25–29.9), and obese (> = 30), consistent 

with current recommendations.44

- Alcohol use: Based on questions from the WHO-CIDI 3.0 as well as a series of questions created 

to assess binge drinking, participants were classified as non-drinkers, drinker but not binge drinker 

and those with binge drinking.
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- Smoking history: Participants were asked if they are current smokers, ex-smokers or non-smokers 

i.e., have never smoked before. They were then classified as never, past, and current smokers.

2.2.3.  SF-12 questionnaire

The Short Form (SF)-12 instrument was used to measure the generic HRQoL.45 It measures eight 

domains of health: physical function (PF), role-physical (RP), bodily pain (BP), general health 

(GH), vitality (VT), social function (SF), role-emotion (RE), and mental health (MH). Scores from 

these domains are used to generate two summary scores - physical component summary (PCS) 

and mental component summary (MCS). Both summary scores range between 0 and 100, with 

higher scores indicating better health. Internal consistency reliability for PCS (Cronbach’s 

alpha = 0.81) and MCS (Cronbach’s alpha = 0.82) domain scores were high in the current study.

2.2.4 Resource utilization 

Information on healthcare resource utilization was obtained from respondents using an adapted 

version of the Client Service Receipt Inventory (CSRI).46 The instrument asked whether 

respondents had accessed specific healthcare resources during the past 3-month period before the 

time of the interview. This included care from the polyclinic doctor (government primary care 

doctors), restructured hospital doctors (a public hospital doctor which is wholly owned by the 

government), private hospital/clinic doctors, and hospitalisations.

2.2.5 Socio-Demographic Questionnaire

Data on sex, age, ethnicity (Chinese, Malay, Indian, and Others), marital status (not married, 

married, divorced/ separated and widowed), educational level (primary and below, secondary, 

vocational/ institute of technical education (ITE), pre-university/ junior college, diploma and 
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university), employment status (employed, unemployed and economically inactive, i.e., students, 

homemakers and retirees) and monthly household income was collected. Monthly household 

income was calculated as the average pre-tax income in the past 12 months, of all family members 

living in the same household.

Statistical analysis

Statistical analyses were carried out using the STATA version 13.0. All estimates were 

analyzed using survey weights to adjust for oversampling, non-response and poststratification 

according to age and ethnicity distribution between the survey sample and the Singapore adult 

population in 2014. The results are presented as ‘n’ which is the frequency of variable observed/ 

endorsed in the sample and ‘%’ which is the adjusted prevalence in the population. Mean and 

standard errors were calculated for continuous variables and frequencies and percentages for 

categorical variables. Multiple logistic regression was used to determine sociodemographic factors 

associated with diabetes as well as to determine the association of ACEs (specific experiences and 

counts) with diabetes (model 1), after adjusting for health risk behavior factors (model 2) and 

adjusting for both health risk behaviors and sociodemographic factors (model 3). In addition, we 

tested for interaction between age (18-49 years, and 50+ yrs) and different ACEs (yes/no) in 

relation to diabetes by including multiplicative interaction terms in the multivariable logistic 

regression models. We chose the cut-off age as 49 years as the median age of onset of diabetes in 

the sample was 49 years. Since the interaction between age and several ACEs was significant, we 

described the associations between ACEs and diabetes stratified for age.

Multiple linear and logistic regression models were also used to examine the associations 

among those with diabetes and any ACE (versus among those with diabetes alone) and MDD, 
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primary care visits, restructured hospital doctor visits, private hospital doctor visits, and number 

of hospitalisations after adjusting for health risk behavior factors and sociodemographic factors.

Those with onset of diabetes up to the age of 18 years were excluded from these analyses 

as ACEs measure adversities experienced until 18 years. All statistically significant differences 

were evaluated at the 0.05 level using 2-sided tests.

Patient and public involvement

Patients or participants of this study were not involved in the design or development of the study.

Results

Socio-demographic characteristics of the sample

Our analysis on diabetes risk factors included 6106 individuals who responded to the questions on 

diabetes. Table 1 shows the characteristics of the study population. The sample comprised of 

equivalent proportion of male (49.5%) and females (50.5%). The majority of the sample was aged 

between 18-49 years (60.0%), of Chinese ethnicity (75.7%), married (59.8%), with university 

education (29.4%), employed (72.0%) and with a monthly household income of SGD 4,000 and 

above (63.0%). 

Prevalence of diabetes and its correlates

The prevalence of diabetes in this population was 9.7% (n= 904). After excluding those with age 

of onset before 18 years of age, the prevalence of diabetes was 9.5% (n=890). The mean and 

median age of onset of diabetes was 48.5 (SD=13.5) and 49 years, respectively. Older age, Indian 

ethnicity (versus Chinese), being married (versus single), having pre-university education (versus 

university), and being overweight and obese (versus normal BMI) were associated with a greater 

likelihood of having diabetes. Female gender and having a household income of SGD 6000-9999 
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(versus less than below SGD 2000) were associated with a lower likelihood of having diabetes 

(Table 1).

Diabetes and ACE

Our analysis on ACE and diabetes included 4441 participants who responded to the ACE 

questions. 

Table 2 shows the associations between ACEs and diabetes. In the overall sample, emotional 

neglect and parental separation divorce or death of a parent, were significantly associated with 

higher odds of diabetes, while experiencing emotional abuse was associated with lower odds of 

diabetes. In addition, experiencing one or two ACEs as compared with no ACE was associated 

with higher odds of diabetes.  However, after adjusting for socio-demographic and health risk-

behaviors only parental separation, divorce or death of a parent remained significantly associated 

with higher odds of diabetes (OR =1.5, 95% CI =1.01-2.2). We observed significant interactions 

between ACE’s and age group in relation to diabetes for several ACEs. Specifically, the 

association between ‘living with household members who were mentally ill or suicidal’, emotional 

abuse and bullying and diabetes differed significantly for younger (18-49 years) and older (≥50 

years) participants. 

Supplementary Table 1 shows the associations between ACEs and diabetes stratified by age 

without adjusting for confounders, and adjusting for lifestyle factors in Model 1 and Model 2 

respectively. Table 3 shows the fully adjusted associations between ACEs and diabetes stratified 

according to age. In the younger age group parental separation, divorce or death of a parent (OR 

=2.2, 95% CI =1.1-4.4), and experiencing 3 or more ACEs (OR =2.3, 95% CI =1.1-5.4) were 

significantly associated with higher odds of diabetes.  In addition, the association between physical 
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neglect and diabetes was borderline significant in the younger age group (OR =2.3, 95% CI =0.9-

5.9). In the older age group, living with household members who were mentally ill or suicidal (OR 

=0.2, 95% CI =0.1-0.6) and emotional abuse (OR =0.2, 95% CI =0.1-0.5) was significantly 

associated with lower odds of diabetes. 

The age of onset of diabetes was substantially earlier in the younger (18-49 years) age group 

(median = 37 years) than in the older (>50 years) age group (median = 51 years).

Comorbid depression, resource utilization and health-related quality of life domains among those 

with diabetes and ACE versus those with diabetes alone

The prevalence of those with both diabetes and ACE was higher than those with diabetes alone 

(5.7% (n=350) vs 2.1% (n=137)). Table 4 shows the associations between MDD, resource 

utilization, and health-related quality of life domains among those with diabetes and ACEs. The 

prevalence of MDD was significantly higher among those with diabetes and ACEs than those with 

diabetes alone (3.7% and 0.3% respectively), and after controlling for sociodemographic and 

health behavior factors in multivariate regression models, those with diabetes and ACEs remained 

more likely to be associated with increased odds of MDD than those with diabetes only (OR= 19.7, 

95% CI = 2.1-187.4). 

Having diabetes with ACE was associated with lower scores on several domains of quality of life 

such as vitality, role emotional and mental health, and MCS as compared with diabetes without 

ACEs. In contrast, diabetes with ACE was associated with higher scores on PCS as compared with 

diabetes without ACEs. 
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Discussion

The current study used nationally representative data from an urban Asian population to examine 

the association of ACEs with diabetes among those with onset of diabetes after 18 years. Although 

exposure to any ACE was not associated with increased odds of diabetes, those who had 

experienced parental separation, death or divorce of a parent, had higher odds of diabetes. In 

addition, we observed a significant interaction between age and ACEs in relation to the odds of 

diabetes. Among those belonging to the younger age group (< 50 years), parental separation, 

divorce or death of a parent, bullying and experiencing 3 or more ACEs was significantly 

associated with diabetes. In contrast, ACEs were not significantly associated with higher odds of 

diabetes in the older age group. 

Associations with specific ACEs vary widely across studies. Monnat and Chandler47 found that 

physical abuse, sexual abuse and exposure to domestic violence increased the odds of diabetes in 

adult life, while Rich-Edwards et al.28found that physical and sexual abuse in childhood and 

adolescence were associated with risk of type 2 diabetes among adult women. Longitudinal data 

from the 1979 National Longitudinal Survey of Youth, found that type 2 diabetes was associated 

with parental death in women.48 On the other hand, Widom et al.49 using data from court records 

found that physical abuse and neglect (largely physical neglect) were associated with diabetes in 

middle adulthood. 

 Several reasons have been suggested to explain the association of ACEs with the development of 

diabetes and other chronic physical conditions. ACEs negatively impact neurodevelopment 

especially that of the hypothalamic–pituitary– adrenal (HPA) axis,50 cause an elevated level of 

triglycerides, free fatty acids and glucose in the blood23 and they result in the elevation of 
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inflammatory markers all of which have been postulated to be involved in the development of 

chronic illnesses including diabetes.51

In the older population i.e., those more than 50 years of age, living with household members who 

were mentally ill or suicidal and emotional abuse were both less likely to have diabetes. We are 

currently unable to explain this association. This suggests that while age remains one of the most 

significant risk factors for diabetes, ACEs are an important risk factor for diabetes among those 

belonging to the younger age groups. Interestingly the age of onset of diabetes was significantly 

earlier in the 18 to 49 years age group, compared to the age of onset in those older than 50 years, 

which raises the possibility that ACEs may be linked to an earlier onset of diabetes and thus is 

more strongly associated with diabetes in those belonging to the younger age group. A study 

examining the association of ACEs with chronic diseases found that young adults who had 

experienced four or more ACEs (compared to no ACEs) were at a much greater risk of both 

prediabetes and diabetes.  The incident rate ratios (IRR) for diabetes, and prediabetes were highest 

in the youngest age group and lower in the older age groups. The authors suggested that the 

attenuated IRR in the older age groups, could be due to the increase in other risk factors which an 

individual may be exposed to regardless of any history of ACE.52 Survival bias could also account 

for the lower association between ACE and diabetes among the older age group in our study, as 

other studies have observed a reduction in life expectancy among those exposed to a high burden 

of ACEs.53

Several studies have highlighted that health risk behaviours which are associated with ACEs may 

explain poor outcomes such as diabetes in this group. However, upon adjusting for health risk 
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behaviours, the association between ACEs and diabetes did not change significantly for the overall 

sample in our study. These results are similar to that of Kreatsoulas et al.54 who found that when 

they tested the association of adverse childhood experiences with diabetes through health 

behaviors which are known risk factors such as obesity, the relationship did not attenuate 

significantly. The authors suggested that adverse childhood experiences may operate on an 

independent and potent pathway early in life. 

Few studies have examined the impact of ACEs among those with diabetes. Our study in line with 

our hypothesis found that those with ACE and diabetes were more likely to be associated with 

MDD, and lower HRQoL. Stress and inflammatory mechanisms have been suggested to explain 

the association between diabetes and depression,55 it therefore follows that those with diabetes and 

ACEs would have greater cumulative stress that could lead to a higher prevalence of depression in 

this group. On the other hand, a mediation analysis suggested that ACEs were indirectly associated 

with an increased risk of diabetes in adulthood via depressive symptoms.24 Corso et al.33 have 

reported lower HRQoL among those with ACEs. Thus, ACEs alone or in combination with 

depression could have led to a lower HRQoL among those with diabetes and ACES. 

However, in terms of resource utilization the results did not support our hypothesis. Our study, 

unlike Hargreaves et al.56 who reported greater use of emergency rooms and doctor office visits 

with increasing ACEs as compared to those without any ACEs, did not find increased resource 

utilisation among those with diabetes and ACEs. Koball et al.12 examining the impact of ACEs on 

resource utilization found that patients with higher ACEs were more likely to miss appointments 

or ‘late-cancelled’ appointments. Thus, while resource utilization may be low there would be an 
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enormous cost to the healthcare system. The lack of significant association of those with diabetes 

and ACEs may thus be due to the fact that we did not examine it in those with high ACEs (current 

analysis included those with at least one ACE) or it could be that while those with ACEs needed 

services, they did not attend them. 

The prevalence of diabetes in our study sample was 9.7%. Socio-demographic factors and health 

behaviours including older age, Indian ethnicity as well as being overweight and obese were 

associated with diabetes, whereas female gender was associated with a lower prevalence of 

diabetes These findings are similar to the prevalence figures of 9.1% of diabetes in Singapore as 

reported by the World Health Organisation (WHO) who also identified overweight, obesity and 

physical inactivity to be significant risk factors.57 Older age and Indian ethnicity have similarly 

been identified as risk factors for diabetes in Singapore.58 These results add support to the validity 

of the study methodology and our data.

Limitations 

Some limitations of the study need to be noted so that the gaps can be addressed in future studies. 

Data on ACEs was captured retrospectively and is there is the possibility of recall bias, and given 

the sensitivity of the questions there could have been a tendency to under-report the experience. 

However, we have tried to minimize this by assuring the participants of the confidential nature of 

the study and that no participant identifiers would be collected. Furthermore, the ACE 

questionnaire was self-administered by participants to reduce under-reporting as much as possible. 

Some of the participants refused to complete the ACE questionnaire but the participation rates 

were comparable to other studies.42 59 The study did not assess the severity, age of onset and 
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duration of ACEs which may have an impact on the development of diabetes.28 60 Diagnosis of 

diabetes was also self-reported and thus we would have missed out those who had not been given 

a clinical diagnosis of diabetes. The questions in our study did not differentiate between type 1 and 

type 2 diabetes. Type 1 diabetes has an autoimmune aetiology and risk factors are different than 

for type 2 diabetes. Including those with type 1 diabetes could have led to weakening of the 

association between ACEs and diabetes in our study as ACEs are not likely to be associated with 

type 1 diabetes.61 However, onset of Type 1 diabetes is rare in adults. The current analysis only 

included those with age of onset of diabetes after age 18 years and diabetes is therefore likely to 

predominantly be type 2 diabetes. Local data has established a high prevalence of diabetes among 

Indians.35However, the survey questionnaire was not available in Tamil which is one of the official 

languages of Singapore and spoken by a large proportion of Indians. This may have affected the 

participation of people of Indian ethnicity and the prevalence of diabetes established in the study. 

However, the authors believe that this would not have affected the study significantly as English 

literacy is high in this group. A study by Mathew et al. 62 found that 86% of Indians above the age 

of 65 and 91% of those in the age range of 51-65 years can speak English well or very well. Lastly, 

the cross-sectional design limits assertions regarding the sequence of causal events, but this was 

overcome to a significant extent by excluding those with onset of diabetes before 18 years of age.

Conclusions

Our study establishes an association between ACEs and diabetes in a multi-ethnic urban population 

of a developed Asian country. Among those with diabetes, presence of ACEs worsens outcomes 

in terms of comorbidity with MDD, and poorer HRQoL. Our findings highlight the need to address 

ACEs across society to improve health outcomes for the population. A multi-agency effort is 
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needed across both health and social care sectors to screen, prevent and provide early care for those 

who have experienced ACEs.  However, we must be cognizant that advancing age and BMI are 

other important factors associated with diabetes. Thus, efforts to promote regular exercise and 

healthy lifestyles both in the population and among those with diabetes, must continue along with 

better identification of, and communication about ACEs within the healthcare setting. We need to 

develop trauma-informed methods for screening and treating childhood trauma. We also need to 

create more awareness of both the prevalence and impact of ACEs not just among mental health 

providers but also among those treating chronic diseases. A collaborative care approach to treat 

those with chronic diseases and ACEs that addresses their medical, mental health, and trauma-

related issues will improve outcomes for the person and the society as a whole. 
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Table 1. Sociodemographic and lifestyle characteristics of participants and their association with diabetes*

N Weighted % Model 1 Model 2
Overall 6106 100.0
Variables OR 95% CI OR 95% CI
Age groups 18-34 1706 30.5 1.0 1.0
(Age in years)  35-49 1493 29.6 5.9 2.4-14.3 5.1 2.1-12.2

50-64 1617 26.8 12.5 5.2-30.1 10.9 4.5-26.3
65+ 1290 13.1 20.1 8.2-49.3 19.1 7.6-47.8

Gender Male 3057 49.5 1.0 1.0
Female 3049 50.5 0.6 0.5-0.8 0.6 0.5-0.9

Ethnicity Chinese 1776 75.7 1.0 1.0
Malay 1980 12.5 1.6 1.2-2.1 1.1 0.8-1.5
Indian 1841 8.7 2.4 1.9-3.2 1.9 1.5-2.6
Others 509 3.1 0.9 0.5-1.4 0.8 0.5-1.2

Marital status Single 1542 31.0 1.0 1.0
Married 3830 59.8 2.6 1.4-4.8 2.5 1.4-4.7
Divorced 342 5.2 1.3 0.6-3.0 1.3 0.6-2.8
Widowed 392 4.0 1.9 0.9-4.0 1.9 0.9-4.0

Education University 1451 29.4 1.0 1.0
Primary 1184 16.3 1.8 1.0-3.1 1.7 0.9-3.1
Secondary 1636 22.9 1.4 0.8-2.3 1.3 0.8-2.3
Pre-University 304 6.1 2.8 1.4-5.6 2.7 1.3-5.4
Vocational 507 6.3 0.8 0.4-1.8 0.8 0.4-1.9
Polytechnic Diploma 1024 19.0 0.7 0.4-1.3 0.7 0.4-1.3

Employment Employed 4047 72.0 1.0 1.0
Unemployed 350 5.2 1.5 1.1-2.1 1.4 1.0-2.0
Economically inactive 1708 22.8 1.6 0.8-3.1 1.5 0.7-3.0

Income (SGD) Below 2000 1139 16.4 1.0 1.0
2000-3999 1327 19.9 0.9 0.6-1.3 0.8 0.6-1.3
4000-5999 1111 21.4 0.8 0.5-1.2 0.7 0.5-1.2
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6000-9999 1001 21.8 0.5 0.3-0.8 0.4 0.3-0.7
10000+ 860 20.4 0.9 0.5-1.4 0.9 0.5-1.4

Smoking status Never Smoked 4175 73.4 1.0
Current smoker 1171 16.0 0.9 0.5-1.3
Past Smoker 750 10.6 1.5 1.0-2.2

Body Mass Index (BMI) Normal 2678 54.1 1.0
Underweight 303 6.4 0.6 0.2-1.7
Overweight 1918 28.1 1.5 1.1-2.1
Obese 1073 11.4 3.8 2.4-5.2

Lifetime Drinking status Non-drinker 2447 22.6 1.0
No binge 2989 63.7 0.9 0.7-1.2
Binge drinking 670 13.7 0.8 0.5-1.4

* Cases with age of onset before 18 years were excluded from the analysis
Model 1 adjusted for sociodemographic characteristics (age group, gender, ethnicity, marital status, education level, employment and income).
Model 2 adjusted for sociodemographic characteristics (age group, gender, ethnicity, marital status, education level, employment and income) and all health risk 
behaviors (smoking, lifestyle drinking status and obesity).
OR = odds ratio (multiple logistic regression); CI = confidence interval
Significant associations are highlighted in bold
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Table 2.  Association between type/frequencies of ACEs and diabetes* in the overall sample

Model 1 Model 2 Model 3
OR 95% CI OR 95% CI OR 95% CI

Emotional neglect 1.7 1.3-2.3 1.7 1.2-2.3 1.3 0.9-1.9
Physical neglect 1.7 1.0-2.8 1.5 0.9-2.7 1.0# 0.6-2.0
Living with household members who were substance abusers 0.9 0.5-1.8 1.1 0.5-2.1 1.0 0.5-2.0
Living with household members who were mentally ill or suicidal 0.6 0.3-1.4 0.7 0.3-1.5 0.9# 0.4-2.1
Battered mother/female guardian 0.9 0.5-1.6 0.9 0.5-1.6 1.3 0.6-2.4
Living with household members who were imprisoned 1.3 0.7-2.5 1.2 0.6-2.4 1.7 0.8-3.6
Parental separation, divorce or death of a parent 1.8 1.3-2.4 1.7 1.2-2.4 1.5 1.01-2.2
Emotional abuse 0.4 0.2-0.9 0.4 0.2-0.9 0.8 0.3-2.3
Physical abuse 0.9 0.5-2.0 0.9 0.4-2.0 1.8# 0.8-4.1
Sexual abuse 1.5 0.7-3.3 1.7 0.7-3.8 2.3 0.9-5.6
Bullying 1.1 0.4-3.5 1.3 0.4-4.1 2.9# 0.7-12.8
Any ACE 1.6 1.2-2.3 1.6 1.2-2.3 1.3 0.9-1.9
Number of ACEs (Reference=0)
1 1.5 1.1-2.3 1.6 1.1-2.3 1.1 0.7-1.8
2 1.9 1.2-2.9 1.9 1.2-2.9 1.3 0.8-2.3
3 and more 1.6 0.9-2.5 1.6 1.0-2.7 1.6 0.9-2.8

* Cases with age of onset before 18 years were excluded from the analysis
Model 1: Crude odds ratio (OR)
Model 2: OR were adjusted for health risk behaviors (i.e., BMI, drinking and smoking)
Model 3: OR were adjusted for sociodemographic (i.e., age, gender, ethnicity, marital status, education, income) and health risk behaviors (i.e., BMI, drinking and 
smoking)
Significant associations are highlighted in bold
#Significant interaction effect between age group and ACE
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Table 3. Association between type and frequencies of adverse childhood experiences (ACE) and diabetes* after controlling for health risk 
behaviors and socio-demographic factors 

18-49 years 50 years and older

OR 95% CI OR 95% CI
Emotional neglect 1.4 0.7-2.6 1.2 0.8-1.8
Physical neglect 2.3 0.9-5.9 0.7 0.3-1.5
Living with household members who were substance abusers 0.9 0.3-2.6 1.0 0.4-2.6
Living with household members who were mentally ill or suicidal 1.6 0.6-4.0 0.2 0.1-0.6
Battered mother/female guardian 1.3 0.6-3.2 1.1 0.4-2.7
Living with household members who were imprisoned 2.1 0.9-4.7 1.3 0.5-3.4
Parental separation, divorce or death of a parent 2.2 1.1-4.4 1.3 0.8-1.9
Emotional abuse 1.3 0.5-3.6 0.2 0.1-0.5
Physical abuse 2.4 1.0-6.1 0.9 0.3-2.9
Sexual abuse 2.4 0.8-7.3 2.2 0.7-7.5
Bullying 5.5 1.4-21.4 0.3 0.0-1.4
Any ACE 1.4 0.7-2.8 1.2 0.7-1.8
Number of ACEs (Reference=0)
1 1.1 0.5-2.5 1.1 0.7-1.8
2 1.3 0.5-3.4 1.3 0.7-2.4
3 and more 2.3 1.1-5.4 1.1 0.6-2.2

*Cases with age of onset before 18 years were excluded from the analysis 
OR= odds ratio; CI = confidence interval. 
OR were adjusted for sociodemographic (i.e., age, gender, ethnicity, marital status, education, income) and health risk behaviors (i.e., BMI, drinking and smoking) 
Significant associations are highlighted in bold
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Table 4 Associations between combinations of diabetes and adverse childhood events with major depressive disorder, resource utilization, 
health-related quality of life domains 

A. Diabetes with ACE B. Diabetes without ACE
(n=350) (n=137)     A vs. B (reference) *
n (%) n (%) OR    95% CI p value

Depression 15 (3.7) 1 (0.3) 19.7 2.1-187.4 0.010
Resource utilization
Primary care doctor 172 (44.8) 66 (37.2) 1.1 0.5-2.2 0.855
Restructured hospital doctor 105 (27.0) 40 (26.7) 1.3 0.6-2.6 0.513

Private hospital/clinic 
doctors 107 (30.3) 36 (39.3) 0.8 0.3-1.7 0.483

Mean (SD) Mean (SD) Beta coefficient 95% CI p value
Number of hospitalisations 0.5 (4.2) 0.3 (3.2) 0.2 -0.5-0.8 0.607

Quality of life domains Mean (SD) Mean (SD) Beta coefficient 95% CI p value
Physical functioning 51.0 (11.8) 51.1 (11.2) 0.4 -2.0-2.9 0.736
Role physical 52.6 (9.6) 54.8 (7.6) -1.8 -3.8-0.2 0.075
Bodily pain 27.3 (10.7) 24.5 (8.5) 2.1 -0.3-4.6 0.087
General health 48.2 (12.8) 45.0 (11.9) 2.6 -0.7-6.0 0.120
Vitality 53.8 (11.8) 57.4 (10.0) -3.5 -6.2- -0.8 0.014
Social functioning 53.7 (9.3) 55.4 (6.1) -1.3 -3.3-0.7 0.208
Role emotional 53.3 (8.9) 55.5 (4.4) -1.7 -3.0- -0.5 0.011
Mental health 55.1 (10.4) 58.8 (7.2) -4.0 -6.2- -1.8 <0.001
PCS 42.0 (7.2) 40.0 (5.9) 2.0 0.5-3.4 0.009
MCS 57.5 (10.6) 61.6 (6.1) -3.9 -5.8- -1.9 <0.001

*Regression analyses were conducted after controlling for sociodemographic (i.e., age, gender, ethnicity, marital status, education, income) and health risk 
behaviors (i.e., BMI, smoking and drinking)
Significant associations are highlighted in bold
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Supplementary Table 1. Associations between diabetes* and type/frequencies of ACEs stratified by age.  

 18-49 years 50 years and older 18-49 years 50 years and older 
 Model 1 Model 2 
 OR   95% CI OR   95% CI OR   95% CI OR   95% CI 
Emotional neglect 1.5 0.9-2.8 1.3 0.9-1.9 1.4 0.8-2.7 1.3 0.9-1.8 
Physical neglect 3.4 1.3-9.2 0.8 0.4-1.5 2.8 1.0-8.0 0.9 0.5-1.7 
Living with household members who  
were substance abusers 1.1 0.3-3.4 1.0 0.4-2.2 1.3 0.4-3.9 1.0 0.4-2.4 
Living with household members who  
were mentally ill or suicidal 1.7 0.6-4.8 0.3 0.1-0.6 1.9 0.7-5.4 0.3 0.1-0.6 
Battered mother/female guardian 1.5 0.6-3.7 0.9 0.4-2.1 1.4 0.6-3.5  0.8 0.4-1.9 
Living with household members who were imprisoned 2.0 0.9-4.9 1.1 0.4-3.0 1.8 0.7-4.5 1.0 0.4-2.6 
Parental separation, divorce or death of a parent 2.5 1.3-4.6 1.2 0.8-1.8 2.4 1.3-4.4 1.2 0.8-1.8 
Emotional abuse 1.0 0.4-2.6 0.2 0.1-0.5 1.0 0.4-2.7 0.2 0.1-0.4 
Physical abuse 2.3 0.9-5.8 0.8 0.3-2.2 2.1 0.8-5.4 0.7 0.2-2.2 
Sexual abuse 2.6 0.9-7.5 2.1 0.7-6.9 2.8 0.9-8.4 1.8 0.5-6.5 
Bullying 3.2 0.9-11.0 0.3 0.0-1.3 3.7 1.0-13.0 0.3 0.1-1.4 
Any ACE 1.5 0.8-2.8 1.3 0.8-1.9 1.4 0.8-2.8 1.3 0.9-2.0 
Number of ACEs (Reference=0)         
1 1.1 0.5-2.4 1.2 0.8-2.0 1.1 0.5-2.5 1.3 0.8-2.1 
2 1.3 0.5-3.3 1.4 0.8-2.4 1.2 0.5-3.2 1.4 0.8-2.5 
3 and more 2.5 1.1-5.5 1.1 0.6-2.1 2.4 1.1-5.5 1.0 0.5-2.0 

*Cases with age of onset before 18 years were excluded from the analysis 
Model 1: Crude odds ratio (OR);  
Model 2: Adjusted OR after controlling for health risk behaviors (i.e., BMI, drinking and smoking) 
Significant associations are highlighted in bold 
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STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies 

Item 
No Recommendation

Page
No

(a) Indicate the study’s design with a commonly used term in the title 
or the abstract

3Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of 
what was done and what was found

3

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation 

being reported
5-6

Objectives 3 State specific objectives, including any prespecified hypotheses 7

Methods
Study design 4 Present key elements of study design early in the paper 7-10
Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection
7-8

Participants 6 (a) Give the eligibility criteria, and the sources and methods of 
selection of participants

7-8

Variables 7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, if 
applicable

8-10

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of 
methods of assessment (measurement). Describe comparability of 
assessment methods if there is more than one group

8-10

Bias 9 Describe any efforts to address potential sources of bias NA
Study size 10 Explain how the study size was arrived at NA
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 

applicable, describe which groupings were chosen and why
10

(a) Describe all statistical methods, including those used to control for 
confounding

11

(b) Describe any methods used to examine subgroups and interactions 11
(c) Explain how missing data were addressed 11
(d) If applicable, describe analytical methods taking account of 
sampling strategy

10-11

Statistical methods 12

(e) Describe any sensitivity analyses NA

Results
(a) Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, 
included in the study, completing follow-up, and analysed

12

(b) Give reasons for non-participation at each stage 12

Participants 13*

(c) Consider use of a flow diagram NA
(a) Give characteristics of study participants (eg demographic, clinical, 
social) and information on exposures and potential confounders

12-13, 
28-31

Descriptive data 14*

(b) Indicate number of participants with missing data for each variable 
of interest

28-31

Outcome data 15* Report numbers of outcome events or summary measures 28-31
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(a) Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (eg, 95% confidence interval). Make clear 
which confounders were adjusted for and why they were included

30-31

(b) Report category boundaries when continuous variables were 
categorized

30-31

Main results 16

(c) If relevant, consider translating estimates of relative risk into 
absolute risk for a meaningful time period

NA

Other analyses 17 Report other analyses done—eg analyses of subgroups and 
interactions, and sensitivity analyses

13

Discussion
Key results 18 Summarise key results with reference to study objectives 14-17
Limitations 19 Discuss limitations of the study, taking into account sources of 

potential bias or imprecision. Discuss both direction and magnitude of 
any potential bias

17-18

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and 
other relevant evidence

18-19

Generalisability 21 Discuss the generalisability (external validity) of the study results 17

Other information
Funding 22 Give the source of funding and the role of the funders for the present 

study and, if applicable, for the original study on which the present 
article is based

20

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.
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